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Summary. Muller cells are astrocyte-like radial glia 
cells which are formed exclusively in the retina. Here we 
present evidence that Muller cells are crucially involved 
in the development of the retina's architecture and 
circuitry. There is increasing evidence that Muller cells 
are present from the very early beginning of retino- 
genesis. We postulate the "gradual maturation hypothesis 
of Muller cells". According to this hypothesis, Miiller 
cells are continuously generated by a gradual transition 
of neuroepithelial stem cells into mature Muller cells. 
This process may be partly reversible. Muller cells, or 
their immature precursors, are able to subserve different 
functions. They are primary candidates for stabilizing 
the complex retina1 architecture and for providing an 
orientation scaffold. Thereby, they introduce a reference 
system for the migration and correct allocation 
of neurons. Moreover,  they may provide spatial 
information and microenvironmental cues for  
differentiating neurons, and may also be important for 
the segregation of cell and fibre layers. Additionally, 
they seem to be involved in the guidance of axonal fibres 
both in radial and in lateral directions, as they are 
involved in the support and stabilization of synapses. 
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Introduction 
One of the basic requirements for the evolution of 
actively motile organisms was the development of an 
efficient nervous system to perceive information from 
the environment, to process this information, and to 
adapt and control movement and behaviour. Beginning 
with a relatively simple net-like nervous system in 
coelenterates,  the nervous system progressively 
developed into a highly complex organ and gained more 
and more influence in the evolutionary success of its 
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owners. Not surprisingly, the most complex nervous 
systems are found in young evolutionary groups 
like birds and mammals. Most of our own human 
comprehension depends upon the specific capacity of 
our brain; learning, memory, thinking or consciousness. 
These specific abilities emerge from the unique capacity 
of the brain to adapt itself to changing environmental 
situations. This can only be achieved by mechanisms of 
plasticity, self organization, and learning. However, in 
this case, the fine architecture of the brain can not be 
entirely fixed. Therefore, the efficiency of the central 
nervous system highly depends upon few - at first sight 
chiastic - requirements: a) the compartmentalization of 
the brain into different morphological and functional 
parts; b) the correct and stable arrangement and wiring 
of the different neuronal cell  types inside each 
compartment, as well as the connections between related 
areas; and c)  environmental- and activity-dependent 
plasticity to adapt the nervous system to changing 
conditions and requirements both in the internal and 
external environment. 
The brain's remarkable plasticity is also reflected 
by the fact that in adult humans it consists of about 1 0 ~ 2  
cells and each cell has about 1000 synaptic connections 
(Kandel et al., 1991). I t  is obvious that this complexity 
cannot be specified in detail by gene-based information. 
Most probably, the main function of nervous system- 
related genes is to provide a general blueprint consisting 
of a mosaic-like pattern of specific local molecular 
frames. Valuable morphogenetic information then 
emerges from, e.g. cell-cell recognition and sorting-out 
processes or from specific patterns of neuronal activity 
enabling the system to achieve different levels of 
inherent self-organization and stabilization. One of 
the most important mediators of nervous system 
organization and plasticity are glia cells. Although these 
cells have been known for more than a century, their 
complex significance for embryonic development and 
for adult physiology has been recognized only recently. 
In this review, we want to focus on a specific type of glia 
cell which occurs exclusively in the retina: the Miiller 
cell. Here, we will consider their possible roles during 
the development of the retina's architecture. 





















